WO 2006/057321 



1 



PCT/JP2005/021624 



DESCRIPTION 



LIGHT EMITTING DEVICE 



5 TECHNICAL FIELD 
[0001] 

The invention relates to a light emitting device provided with a light emitting 

element. 



10 BACKGROUND ART 
[0002] 

Research on an active matrix light emitting device having a self-luminous 
element has been becoming more active. A typical example of such a self-luminous 
device is an EL display device. 
15 [0003] 

In recent years, a flat panel display device which is widely used for a display 
portion of a portable information terminal as well as for a medium-size or a large-size 
display device has the increasing number of pixels in accordance with the high 
resolution. In accordance with the increase in the number of pixels, these displays 
20 employ pixels in an active matrix structure which has a thin film transistor (TFT) in 
each pixel and can store image data. 

[0004] 

There are an analog gray scale method and a digital gray scale method in a gray 
scale method of an active matrix EL display device. The digital gray scale method has 
25 a time gray scale method, an area gray scale method, a method in which the time gray 
scale method and the area gray scale method are mixed, and the like. In either of the 
time gray scale method and the area gray scale method of the digital gray scale method, 
each pixel or subpixel is driven by binary values, namely an on state and an off state. 

[0005] 

30 Accordingly, there is an advantage in that deterioration of image quality due to 
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variations in a threshold voltage Vth of thin film transistors (TFTs) arranged in the pixel 
can be reduced as compared to the analog gray scale method. Patent Document 1 
discloses a digital gray scale display performed by the time gray scale method. 
[0006] 

5 Further, it is preferable for rapidly writing video signals to each of a plurality of 

pixels to employ a line sequential method in which data is inputted simultaneously per 
one row. Description is made with reference to FIG. 9 on an active matrix EL display 
device driven by the line sequential method to perform the digital gray scale display. 
[0007] 

10 FIG. 9 shows a configuration of a display device driven by the digital gray 

scale method in which binary data is inputted to pixels in the active matrix structure. 
A pixel portion 501 includes a light emitting element typified by an EL element and a 
TFT for controlling light emission of the light emitting element. A source signal line 
driver circuit 502 including a shift register 504, a first latch circuit 505, a second latch 

15 circuit 506, a level shifter 507, and a buffer group circuit 508, and a gate signal line 
driver circuit 503 including a shift register 509, a level shifter 510, and a buffer group 
circuit 5 11 are arranged in the periphery of the pixel portion 501 . FIGS. lOAand lOB 
show equivalent circuits of the buffer group circuit 508. 
[0008] 

20 As shown in FIG. lOA, the buffer group circuit 508 includes a plurality of 

buffers 601 provided in each column. FIG. lOB shows an equivalent circuit of the 
buffer 601 which is formed of two inverters. An input of the buffer 601 is connected 
to the level shifter 507 and an output thereof is connected to the pixel portion 501. 
Further, a buffer high power potential (VBH) is applied from a signal line 602 and a low 

25 power potential (VBL) is applied from a signal line 603. 
[0009] 

Description is made on a method for driving the active matrix display device 
shown in FIG. 9 by the line sequential method to perform a digital gray scale display. 
First, the shift register 509 outputs a selection pulse sequentially from a first stage in 
30 accordance with a clock signal (GCK) and a start pulse (GSP). After that, amplitude 
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conversion is carried out by the level shifter 510, thereby gate lines are sequentially 
selected from the first row by the buffer group circuit 51 1. 
[0010] 

In the selected row, the shift register 504 sequentially outputs sampling pulses 
5 from a first stage in accordance with a clock signal (SCK) and a start pulse. The first 
latch circuit 505 captures video signals (Video) at timing that sampling pulses are 
inputted. The video signals captured in each stage are held in the first latch circuit 
505. 

[0011] 

When a latch pulse (LAT) is inputted after video signals of one row are all 
captured, the video signals held in the first latch circuit 505 are transferred to the second 
latch circuit 506 all at once, thereby all source signals are charged and discharged. 
[0012] 

At this time, the buffer high power potential (VBH) which charges and 
discharges the source signal line is in synchronization with a light emitting element high 
power potential (ANODE) while the low power potential (VBL) is fixed. In this 
specification, the light emitting element high power potential (ANODE) corresponds to 
a potential applied to an anode of the light emitting element. 
[0013] 

The aforementioned operations are repeated from the first to the last rows, and 
thus data is written to all the pixels. Accordingly, an image corresponding to one 
frame is displayed. Similar operations are repeated to display images. 
[Patent Document 1] 

Japanese Patent Application Laid-Open no. 2001-5426 

DISCLOSURE OF INVENTION 
[0014] 

In the analog gray scale method, a gray scale display can be performed by 
writing data to the source signal line at least once in one frame. 
[0015] 
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On the contrary, in the digital gray scale method such as the time gray scale 
method in which each pixel is driven by binary values of the on state and the off state, 
the area gray scale method, and the method in which the time gray scale method and the 
area gray scale method are mixed, data is required to be written to the source signal line 
5 a plurality of times in one frame to display gray scales. 

[0016] 

In an EL display device, a source signal line is a load for a buffer because of a 
plurality of TFTs provided in a pixel portion and parasitic capacitance. When data 
written to the source signal line changes from a Low potential to a High potential in the 

10 digital gray scale method, an external high potential power source which applies a high 
power potential (VBH) charges the load capacitance due to the source signal line from a 
Low potential to a High potential through a p-channel TFT of the buffer 601. On the 
other hand, when data written to the source signal line changes from a High potential to 
a Low potential, an external low potential power source which applies a low power 

15 potential (VBL) discharges the charges from the load capacitance due to the source 
signal line from a High potential to a Low potential through an n-channel TFT of the 
buffer 601. 

[0017] 

These power are consumed when a voltage of the source signal line changes. 
20 Therefore, when an output of the source signal line often changes, power consumption 
of the external power source increases. Accordingly, in the digital gray scale method, 
power consumption of the external power source increases when displaying an image 
which requires a large number of gray scale levels such as a natural image and an image 
in which logic is frequently inversed per one row such as a 1-dot checker (here, light 
25 emission pixels and non-light emission pixels are alternately arranged in an active 
matrix structure), as a potential of the source signal line frequently changes. 
[0018] 

- Further, the current value to a light emitting element of a pixel portion also 
depends on a temperature. In particular, in the case of using an organic compound for 
30 a light emitting element, temperature characteristics are significant. Even when the 
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same voltage is applied between electrodes of an EL element, more current flows 
through the EL element as the temperature rises because of the temperature 
characteristics of the EL element. Therefore, a display device consumes more power 
as the temperature of the EL element rises, which increases luminance of a light 
5 emitting element. 

[0019] 

In the case of a color display, the light emitting element high power potential 
(ANODE) is set at different levels for each EL element depending on the light emitting 
material. In an EL element which emits red (R) light, an EL element which emits 
10 green (G) light, and an EL element which emits blue (B) light, the characteristics 
thereof changes differently due to deterioration over time and temperature. 
[0020] 

In addition, for example, in the case where a user displays red frequently, only 
the EL element of R deteriorates prior to the other EL elements. Therefore, a display 
15 device which can manage various potential changes of the light emitting element high 
power potential (ANODE) is demanded. 
[0021] 

A buffer high power potential (VBH) is required to be equal to or higher than 
the light emitting element high power potential (ANODE). The buffer high power 
20 potential (VBH) charges the source signal line, therefore, less power is required for the 
buffer high power potential (VBH) as the potential to be charged is lower. Therefore, 
the buffer high power potential (VBH) is preferably equal to the light emitting element 
high power potential (ANODE). 
[0022] 

25 As described above, the light emitting element high power potential (ANODE) 

changes depending on a deterioration over time, a temperature change, a frequency of 
use, and the like. Accordingly, the buffer high power potential (VBH) is required to 
follow the light emitting element high power potential (ANODE) and to be in 
synchronization with the light emitting element high power potential (ANODE) in order 

30 to reduce the power required for charging at the desired light emitting element high 



WO 2006/057321 



6 



PCT/JP2005/021624 



power potential (ANODE). 
[0023] 

Accordingly, the buffer high power potential (VBH) which charges and 
discharges the source signal line in a conventional display device is in synchronization 
5 with the light emitting element high power potential (ANODE) while the low power 
potential (VBL) is fixed. 
[0024] 

As a result, a conventional buffer circuit tends to consume more power as 
described above, which easily rises the temperature of the buffer. In accordance with 
10 the generated heat of the buffer, a temperature distribution occurs in a pixel portion, 
leading to variations in luminance. 
[0025] 

Alternatively, the light emitting element high power potential (ANODE) rises 
due to a deterioration over time and a temperature rise of an EL element, which results 
15 in increasing a potential difference to charge and discharge the source signal line, that is 
a difference between the high power potential (VBH) and the low power potential 
(VBL). Accordingly, the buffer 601 to charge and discharge the source signal line 
consumes more power and thus generates heat. As a result, variations in luminance of 
a pixel portion occur. 
20 [0026] 

Accordingly, in the digital gray scale method, power consumption required for 
writing data to the source signal line is a serious issue in a compact display device for a 
portable terminal which is required to be low in power consumption. Further, it is hard 
to avoid the increase in parasitic capacitance of the source signal line in accordance with 
25 the increase in size of a display device such as a television, and the reduction in power 
consumption is a problem similarly to a compact display device. 
[0027] 

The invention is made in view of the aforementioned problems so that a circuit 
using an inverter, such as a buffer consumes less power. Further, the invention is made 
to reduce power consumption required for charging and discharging the source signal 
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line of an active matrix display device using a light emitting element. 
[0028] 

According to the invention, a low power potential (VBL) of a buffer (inverter) 
which charges and discharges a source signal line follows a high power potential (VBH) 
5 thereof. In a light emitting device, in particular, the low power potential (VBL) 
follows a light emitting element high power potential (ANODE). 
[0029] 

A light emitting device in accordance with the invention includes a light 
emitting element, a bipolar transistor, an operational amplifier, and first to fourth 
10 resistors. In the bipolar transistor, a base terminal is connected to an output terminal of 
the operational amplifier and a collector terminal is connected to a low power potential. 
The first resistor has one terminal connected to a first high power potential and the other 
terminal connected to a first input terminal of the operational amplifier. The second 
resistor has one terminal connected to a first input terminal of the operational amplifier 
15 and the other terminal connected to an emitter terminal of the bipolar transistor. The 
third resistor has one terminal connected to a second high power potential and the other 
terminal connected to a second input terminal of the operational amplifier. The fourth 
resistor has one terminal connected to a second input terminal of the operational 
amplifier and the other terminal connected to the low power potential. The potentials 
20 at the emitter terminal of the bipolar transistor and at the other terminal of the second 
resistor are supplied as a low power potential of a buffer of a driver circuit. The 
second high power potential is supplied as a high power potential of the buffer. 

[0030] 

A light emitting device in accordance with the invention includes a light 
25 emitting element, an operational amplifier, and first to fourth resistors. The first 
resistor has one terminal connected to a first high power potential and the other terminal 
connected to a first input terminal of the operational amplifier. The second resistor has 
one terminal connected to the first input terminal of the operational amplifier and the 
other terminal connected to an output terminal of the operational amplifier. The third 
30 resistor has one terminal connected to a second high power potential and the other 
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terminal connected to a second input terminal of the operational amplifier. The fourth 
resistor has one terminal connected to the second input terminal of the operational 
amplifier and the other terminal connected to a low power potential. A potential at the 
other terminal of the second resistor is supplied as a low power potential of a buffer and 
5 the second high power potential is supplied as a high power potential of the buffer. 
[0031] 

According to the invention, a light emitting element of a light emitting device 
is arranged in a pixel. As the light emitting element, an EL element is used. An EL 
element has a structure in which a pair of electrodes (an anode and a cathode) sandwich 

10 a layer (hereinafter referred to as an EL layer) which generates electroluminescence 
when an electric field is applied thereto. An EL layer is formed of an organic 
compound and normally has a stacked-layer structure. Typically, a stacked-layer 
structure of a hole transporting layer, a light emitting layer, and an electron transporting 
layer is suggested. 

15 [0032] 

Further, luminescence of the EL layer includes light emission (fluorescence) 
generated when returning from a singlet excitation state to a ground state, and light 
emission (phosphorescence) generated when returning from a triplet excitation state to a 
ground state. A light emitting device of the invention may employ one or both of the 

20 aforementioned light emission. 
[0033] 

Besides, a structure in which a hole injecting layer, a hole transporting layer, a 
light emitting layer, and an electron transporting layer are stacked over an anode in this 
order or a structure in which a hole injecting layer, a hole transporting layer, a light 
25 emitting layer, an electron transporting layer, and an electron injecting layer are stacked 
over an anode in this order may be employed as well. A phosphorescent pigment and 
the like may be added to the light emitting layer. 

[0034] 

In this specification, all layers provided between a cathode and an anode are 
30 collectively referred to as an EL layer. Therefore, a hole injecting layer, a hole 
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transporting layer, a light emitting layer, an electron transporting layer, an electron 
injecting layer and the like that are described above are all included in the EL layer. 
[0035] 

According to the invention, when a high power potential (VBH or ANODE) 
5 rises, a low power potential of a buffer rises by following the high power potential. 
Therefore, a rise in a potential difference between the high power potential and the low 
power potential supplied to the buffer (inverter) can be suppressed. As a result, data of 
the source signal line can be rewritten by less power. Accordingly, heat generated by 
the buffer can be suppressed, which can reduce variations in luminance of the pixel 
10 portion caused by the generated heat. 
[0036] 

Accordingly, the invention is quite favorable for a light emitting device such as 
an EL display device which performs digital gray scale drive by the line sequential 
method. 

15 BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram showing Embodiment Mode 1 . 
FIGS. 2Aand 2B are diagrams showing Embodiment Mode 1. 
FIG. 3 is a diagram showing Embodiment Mode 2 . 
FIGS. 4Aand 4B are diagrams showing Embodiment Mode 2. 
20 FIG. 5 is a diagram showing a pixel portion of Embodiment 1. 

FIG. 6 shows a buffer low power potential (VBL) in accordance with a light 
emitting element high power potential (ANODE). 

FIG. 7 shows a current flowing through a signal line which supplies a buffer 
low power potential (VBL) in accordance with a light emitting element high power 
25 potential (ANODE). 

FIGS. 8A to 8D show temperature distribution of a source signal line driver 
circuit and luminance distribution of a pixel portion in Embodiment Mode 1 and a 
comparison example respectively. 

FIG. 9 shows an EL display device of a digital gray scale method. 
30 FIGS. 1Q\ and lOB show equivalent circuits of a buffer. 
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FIGS, l lA to HF are views showing electronic devices. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0037] 

5 Although the invention will be fully described by way of embodiment modes 

and embodiment with reference to the accompanying drawings, it is to be understood 
that various changes and modifications will be apparent to those skilled in the art. 
Therefore, unless otherwise such changes and modifications depart from the scope of 
the invention, they should be construed as being included therein. Note that identical 
10 portions in embodiment modes are denoted by the same reference numerals and detailed 
descriptions thereof are omitted. 

[0038] 
[Embodiment Mode l] 

This embodiment mode is described with reference to FIGS. 1, 2 A, and 2B. 
15 [0039] 

FIG. 1 is a circuit diagram of a potential generating circuit of this embodiment 
mode. As shown in FIG. 1, the potential generating circuit includes resistors Rl to R4, 
an operational amplifier (OP1)1002, and a bipolar transistor (Bil)l 007. 
[0040] 

20 Two power source connecting terminals of the operational amplifier OPi are 

inputted with a high power potential (VDD1) and a low power potential (GND) 
respectively. Further, an output terminal cl of the operational amplifier (OPI) is 
connected to a base terminal B of the bipolar transistor (Bil). The base terminal B of 
the bipolar transistor (Bil) is connected to the output terminal cl of the operational 

25 amplifier (OPI) and a collector terminal C thereof is connected to the low power 
potential (GND). 
[0041] 

The resistor R 1 has one terminal connected to a high power potential (VI) and 
the other terminal connected to an input terminal al of the operational amplifier (OPI). 
30 The resistor R2 has one terminal connected to the input terminal al of the operational 
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amplifier (OP1) and the other terminal connected to an emitter terminal E of the bipolar 
transistor (Bil). The resistor R3 has one terminal connected to a high power potential 
(VBH) and the other terminal connected to an input terminal bl of the operational 
amplifier (OP1). The resistor R4 has one terminal connected to the input terminal b 1 
5 of the operational amplifier (OP1) and the other terminal connected to the low power 
potential (GND). Potentials at the emitter terminal E of the bipolar transistor (Bil) and 
the other terminal of the resistor R2 are outputted as a low power potential (VBL). 
The low power potential (VBL) corresponds to a difference between the high power 
potential (VBH) and the high power potential (VI). 
10 [0042] 

FIG. 2 A shows a light emitting device using the circuit shown in FIG. 1. In 
FIG. 2A, the same reference numerals as those in FIG. 9 denote the same components. 
[0043] 

In FIG. 2A, a pixel portion 501 is provided with alight emitting element, which 

15 is typically an EL element, and a TFT for controlling light emission of the light emitting 
element, thereby forming pixels in an active matrix structure. A source signal line 
driver circuit 502 and a gate signal line driver circuit 503 formed by using TFTs are 
arranged in the periphery of the pixel portion 501 over the same substrate 500 as the 
pixel portion 501. 

20 [0044] 

The source signal line driver circuit 502 includes a shift register 504, a first 
latch circuit 505, a second latch circuit 506, a level shifter 507, and a buffer group 
circuit 508. The gate signal line driver circuit 503 includes a shift register 509, a level 
shifter 510, and a buffer group circuit 511. 

25 [0045] 

In FIG. 2A also, buffers 601 are arranged per column in the buffer group circuit 
508 as shown in FIG. lOA. FIG. iOB shows an equivalent circuit of the buffer 601. 
The buffer group circuit 508 is connected to a signal line (a power source line) 1003 for 
supplying a buffer high power potential (VBH) and a signal line (a power source line) 

30 1004 for supplying a buffer low power potential (VBL). Further, the signal line 1003 
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is connected to the signal line 602 which supplies the buffer high power potential 
(VBH) of the buffer group circuit 508. The signal line 1004 is connected to a signal 
line 603 which supplies the buffer low power potential (VBL) (see FIG. 10B). As a 
result, the buffer high power potential (VBH) is supplied from the signal line 1003 to 
5 the buffer group circuit 508, and the low power potential (VBL) is supplied from the 
signal line 1004. 
[0046] 

Further, a power supply line for supplying power to an anode of the light 
emitting element is provided. The power supply line is connected to an external power 
10 source which applies the buffer high power potential (VBH). Therefore, the buffer 
high power potential (VBH) is equal to the light emitting element high power potential 
(ANODE). It is to be noted that the high power potential (VBH) of the buffer and the 
light emitting element high power potential (ANODE) may be at the same level or 
different external power sources may be provided. Sharing the power source leads to 
15 the reduction in power and the number of connecting portions. 
[0047] 

In this embodiment mode, the potential generating circuit shown in FIG. 1 is 
connected to the signal line 1004. The potential generating circuit includes, a circuit 
1001 formed of the resistors Rl to R4 and an operational amplifier (OP1) 1002, and a 

20 bipolar transistor (Bil) 1007. In the light emitting device of this embodiment mode, 
the pixel portion 501, the source signal line driver circuit 502, and the gate signal line 
driver circuit 503 are formed by using TFTs over the same substrate 500 except for the 
bipolar transistor (Bil) 1007. The bipolar transistor (Bil) 1007 is formed by using an 
IC chip and mounted over the substrate 500, for example, by a COG method. 

25 [0048] 

FIG. 2B shows a circuit diagram of the circuit 1001. Two power source 
connecting terminals of the operational amplifier (OP1) 1002 are inputted with the high 
power potential (VDD1) and the low power potential (GND) respectively. Further, the 
base terminal B of the bipolar transistor (Bil) 1007 is connected to the output terminal 

30 cl of the operational amplifier (OP1) 1002. 
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[0049] 

A base terminal B of the bipolar transistor (Bil) 1007 is connected to the 
output terminal cl of the operational amplifier (OP1) 1002, a collector terminal C 
thereof is connected to the low power potential (GND), and an emitter terminal E 
5 thereof is connected to the resistor R2 and the signal line 1004 which supplies the low 
power potential (VBL). 
[0050] 

The resistor Rl has one terminal connected to a signal line (a power source 
line) 1005 which supplies the high power potential (VI) and the other terminal 
10 connected to the input terminal al of the operational amplifier (OP1) 1002. The 
resistor R2 has one terminal connected to the input terminal al of the operational 
amplifier (OP1) 1002 and the other terminal connected to the emitter terminal E of the 
bipolar transistor (Bil) 1007. The resistor R3 has one terminal connected to the high 
power potential (VBH) of the buffer and the signal line 1003 which supplies the light 
15 emitting element high power potential (ANODE) and the other terminal thereof 
connected to the input terminal bl of the operational amplifier (OP1) 1002. The 
resistor R4 has one terminal connected to the input terminal bl of the operational 
amplifier (OP1) 1002 and the other terminal connected to the low power potential 
(GND). 
20 [0051] 

The high power potential (VI) is at a lower level than the buffer high power 
potential (VBH) and the light emitting element high power potential (ANODE). In 
this embodiment mode, the buffer high power potential (VBH) and the light emitting 
element high power potential (ANODE) are at the same level, however, the buffer high 
25 power potential (VBH) may be at a higher level. In this case, different external power 
sources are used for the light emitting element high power potential (ANODE) and the 
buffer high power potential (VBH). 

[0052] 

In this embodiment mode, an amplifier ratio of the operational amplifier (OP1) 
30 1002 is 1 and resistance of the resistors Rl to R4 are all equal. It is needless to say 
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that the resistance of the resistors Rl to R4 may be changed as required so as to set the 
buffer high power source potential (VBH), the light emitting element high power 
potential (ANODE), the buffer low power potential (VBL), and the high power potential 
(VI) at the required levels. Further, the operational amplifier (OP1) 1002 is preferably 
5 designed to consume less power. 
[0053] 

By using the potential generating circuit formed of the operational amplifier 
(OP1) 1002 of this embodiment mode, the buffer low power potential (VBL) becomes a 
potential obtained by subtracting the high power potential (VI) from the light emitting 
10 element high power potential (ANODE). 
[0054] 

Accordingly, the buffer low power potential (VBL) rises by following the light 
emitting element high power potential (ANODE), thereby an increase in power 
consumption of the buffer can be suppressed. 
15 [0055] 

In the potential generating circuit of this embodiment mode, the circuit 1001 
except for the bipolar transistor (Bil) is formed over the same substrate as the pixel 
portion 501, the source signal line driver circuit 502, and the gate signal line driver 
circuit 503, thereby the number of external components can be reduced. The potential 
20 generating circuit shown in FIG. 1 may be all formed of ICs which then may be 
mounted over the substrate 500, for example, by the COG method and the like. 

[0056] 

In this embodiment mode, the source signal line driver circuit 502 and the gate 
signal line driver circuit 503 as well as the pixel portion 501 are formed by using TFTs, 
25 however, a portion or all of each circuit may be formed of an IC and then mounted by 
the COG method or a TAB method. 

[0057] 
[Embodiment Mode 2] 

FIG. 3 is a circuit diagram of a potential generating circuit of this embodiment 
30 mode. As shown in FIG. 3, the potential generating circuit includes the resistors Rl to 
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R4 and the operational amplifier (OP1). 
[0058] 

Two power source connecting terminals of the operational amplifier (OP1) are 
inputted with the high power potential (VDD1) and the low power potential (GND) 
5 respectively. 

[0059] 

The resistor Rl has one terminal connected to the high power potential (VI) 
and the other terminal connected to an input terminal al of an operational amplifier 
(OP1) 1102. The resistor R2 has one terminal connected to the input terminal al of the 

10 operational amplifier (OP1) 1102 and the other terminal connected to an output terminal 
cl of the operational amplifier (OP1) 1102. The resistor R3 has one terminal 
connected to a high power potential (VBH) and the other terminal connected to an input 
terminal bl of the operational amplifier (OP1) 1102. The resistor R4 has one terminal 
connected to the input terminal bl of the operational amplifier (OP1) 1102 and the other 

15 terminal connected to the low power potential (GND). A potential of the output 
terminal cl of the operational amplifier (OP1) 1102 is outputted as the low power 
potential (VBL). The low power potential (VBL) corresponds to a difference between 
the high power potential (VBH) and the high power potential (VI). 
[0060] 

20 FIG. 4A shows a light emitting device using the potential generating circuit 

shown in FIG. 3. In FIGS. 4A and 4B, the same reference numerals as those in FIGS. 
9, 2A, and 2B denote the same components. Further, the light emitting device of this 
embodiment mode is similar to FIGS. 2A and 2B of Embodiment Mode 1 except for a 
potential generating circuit 1101. 

25 [0061] 

The potential generating circuit 1101 of this embodiment mode, is formed by 
using TFTs over the same substrate 500 as the pixel portion 501, the source signal line 
driver circuit 502, and the gate signal line driver circuit 503. 
[0062] 

30 In the potential generating circuit 1101 as shown in FIG. 4B, two power source 
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connecting terminals of the operational amplifier (OP1) 1102 are connected to the high 
power potential (VDD1) and the low power potential (GND) respectively. The output 
terminal cl of the operational amplifier (OP1) 1102 is connected to the one terminal of 
the resistor R2 and the signal line (the power source line) 1104 which supplies the low 
5 power potential (VBL) to the buffer group circuit 508, 
[0063] 

The resistor R 1 has one terminal connected to the signal line (the power source 
line) 1105 which supplies the high power potential (VI) and the other terminal 
connected to the input terminal al of the operational amplifier (OP1) 1102. The 
10 resistor R2 has one terminal connected to the input terminal al of the operational 
amplifier (OP1) 1102 and the other terminal connected to the output terminal cl of the 
operational amplifier (OP1) 1102. The resistor R3 has one terminal connected to the 
signal line (the power source line) 1103 which supplies the high power potential (VBH) 
of the buffer and the light emitting element high power potential (ANODE) and the 
15 other terminal connected to the input terminal bl of the operational amplifier (OP1) 
1102. The resistor R4 has one terminal connected to the input terminal bl of the 
operational amplifier (OP1) 1102 and the other terminal connected to the low power 
potential (GND). 

[0064] 

20 Here, an amplifier ratio of the operational amplifier (OP1) 1102 is 1 and 

resistance of the resistors Rl to R4 are all equal. It is needless to say that the 
resistance of the resistors Rl to R4 may be changed as required so as to set the buffer 
high power source potential (VBH), the light emitting element high power potential 
(ANODE), the buffer low power potential (VBL), and the high power potential (VI) at 

25 the required levels. Further, the operational amplifier (OP1) 1102 is preferably 
designed to consume less power. 
[0065] 

The buffer group circuit 508 is connected to the signal lines 1103 and 1104. 
The signal line 1103 is connected to the signal line 602 which supplies the buffer high 
30 power potential (VBH) of the buffer group circuit 508 and the signal line 1104 is 
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connected to the signal line 603 which supplies the buffer low power potential (VBL) 
(see FIG. 10B). As a result, the buffer high power potential (VBH) is supplied from 
the signal line 1103 and the buffer low power potential (VBL) is supplied from the 
signal line 1 104. 
5 [0066] 

In the pixel portion 501, a power supply line for supplying power to an anode 
of the light emitting element is provided. The power supply line is connected to an 
external power source which applies the buffer high power potential (VBH). 
Therefore, the buffer high power potential (VBH) is equal to the light emitting element 

10 high power potential (ANODE) in this embodiment mode. It is to be noted that the 
high power potential (VBH) of the buffer and the light emitting element high power 
potential (ANODE) may be at the same level or different external power sources may be 
provided. Sharing the power source leads to the reduction in power and the number of 
connecting portions. 

15 [0067] 

The high power potential (VI) is at a lower level than the buffer high power 
potential (VBH) and the light emitting element high power potential (ANODE). 
Further, the buffer high power potential (VBH) here is at the same level as the light 
emitting element high power potential (ANODE), however, the buffer high power 

20 potential (VBH) may be at a higher level than the light emitting element high power 
potential (ANODE). 
[0068] 

By the potential generating circuit 1101, the buffer low power potential (VBL) 
becomes a potential obtained by subtracting the high power potential (VI) from the 
25 light emitting element high power potential (ANODE). Accordingly, even when the 
light emitting element high power potential (ANODE) rises, the buffer low power 
potential (VBL) can rise by following the light emitting element high power potential 
(ANODE). 

[0069] 

30 In this embodiment mode, by forming the potential generating circuit 1101 
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over the same substrate 500 as the pixel portion 501, the source signal line driver circuit 
502, and the gate signal line driver circuit 503, the number of external components can 
be reduced. It is needless to say that the potential generating circuit 1101 may be all 
formed of an IC and then mounted over the substrate 500, for example, by the COG 
5 method and the like. 

[0070] 

In this embodiment mode, the source signal line driver circuit 502 and the gate 
signal line driver circuit 503 as well as the pixel portion 501 are formed by using TFTs, 
however, a portion or all of each circuit may be formed of an IC and then mounted by 
10 the COG method or the TAB method. 

[0071] 

In Embodiment Modes 1 and 2, in the case of providing in the pixel portion 
501 a plurality of kinds of light emitting elements formed of different EL materials, 
such as an EL element which emits red (R) light, an EL element which emits green (G) 

15 light, and an EL element which emits blue (B) light, it is preferable to set the light 
emitting element high power potentials (ANODE) depending on the kinds of the light 
emitting elements such as R, G, and B. Therefore, it is preferable to provide the light 
emitting element high power potential (ANODE) and the buffer low power potential 
(VBL) depending on the kinds of the light emitting elements. 

20 [0072] 

[Embodiment Mode 3] 

As described in Embodiment Modes 1 and 2, the invention is preferably 
applied to an electronic device which is required to have a high resolution display 
portion as the invention can suppress power consumption of an EL display device and 

26 variations in luminance of the display portion caused by the high resolution of the pixels. 
Examples are a television device (a television, a television receiver), a camera such as a 
digital camera, and a digital video camera, a portable phone device (a portable phone), a 
portable information terminal such as a PDA, a portable game machine, a monitor, a 
computer, an audio reproducing device such as a car audio set, and an image 

30 reproducing device provided with a recording medium such as a home game machine. 
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Specific examples of these are described with reference to FIGS. HA to HF. 
[0073] 

For example, the invention can be applied to a portable information terminal 
shown in FIG. HA, a digital video camera shown in FIG. HB, a portable phone shown 
5 in FIG. HC, a portable television device shown in FIG. liD, a notebook computer 
shown in FIG. HE, and a television device shown in FIG. HF. The invention can be 
used for display portions 2001 to 2006 in each of the devices. 

[0074] 

According to the invention, life of each of the devices shown in FIGS. 1 lA to 
10 HE with batteries can be prolonged as the power consumption is reduced. 
[0075] 

In a large display portion such as the television device shown in FIG. H F also, 
heat generation of the source signal line driver circuit can be suppressed, thereby 
variations in luminance caused by the generated heat do not easily occur even when 
15 used for a long time. 
[Embodiment] 

[0076] 
[Embodiment 1] 

In Embodiment 1, an example of manufacturing the light emitting device of 
20 Embodiment Mode 1 shown in FIGS. 2A and 2B is described. This embodiment is 
different than Embodiment Mode 1 in that the circuit in FIG. 1 employs an IC. FIG. 5 
shows an equivalent circuit configuration of a pixel portion of this embodiment. A 
pixel configuration of this embodiment is not limited to the circuit shown in FIG. 5. 

[0077] 

25 As shown in FIG. 5, a source signal line 112 is connected to a source terminal 

of an n-channel TFT 120 of which drain terminal is connected to a source terminal of an 
n-channel TFT 117. Gate terminals of the n-channel TFT 120 and the n-channel TFT 
117 are connected to a gate signal line 114. The n-channel TFT 120 and the n-channel 
TFT 117 are shown as two TFTs connected in series. However, the two n-channel 

30 TFTs 117 and 120 are manufactured as one double gate TFT which shares a 
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semiconductor layer provided with a channel. 
[0078] 

A pixel capacitor Cp 116 has one terminal connected to a signal line (a power 
source line) 113 which applies the light emitting element high power potential 
5 (ANODE) and the other terminal connected to a drain terminal of the n-channel TFT 
1 1 7 and a gate terminal of a p-channel TFT 1 18. 
[0079] 

The p-channel TFT 118 has a source terminal connected to the signal line 113 
which applies the light emitting element high power potential (ANODE) and a drain 
10 terminal connected to an anode of a light emitting element 119. 
[0080] 

The light emitting element 119 is formed of an EL element of which anode is 
connected to the drain terminal of the p-channel TFT 118 and of which cathode is 
connected to a light emitting element low power potential (CATHODE). 

15 [0081] 

FIGS. 6 and 7 show measurement results showing the effects of this 
embodiment. Both of FIGS. 6 and 7 show data in the case where the buffer high 
power potential (VBH) is in synchronization with the light emitting element high power 
potential (ANODE) so as to be at the same level. 

20 [0082] 

FIG. 6 shows a change of the buffer low power potential (VBL) in accordance 
with a change of the light emitting element high power potential (ANODE). FIG. 7 
shows a change of a current flowing through the signal line 1004 which supplies the 
buffer low power potential (VBL) in accordance with a change of the light emitting 

25 element high power potential (ANODE). By setting the high power potential (VDD1) 
of the operational amplifier (OP1) at 15 V and the low power potential (GND) thereof at 
0 V, the light emitting element high power potential (ANODE) is changed from 5 to 12 
V. The high power potential (VI) is set at 3, 4, and 5 V, thereby a light emitting device 
is driven in the digital gray scale by the line sequential method. 

30 [0083] 
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In FIG. 6, data of the buffer low power potential (VBL) fixed at 0 V 
corresponds to data of a light emitting device of a comparison example which is not 
provided with the circuit shown in FIG. 1. The same can be applied to the comparison 
examples in FIGS. 7, and 8B, and 8D. 
5 [0084] 

As shown in FIG. 6, in a conventional configuration, the buffer low power 
potential (VBL) is fixed at 0 V. Therefore, a potential difference between the high 
power potential (VBH) and the low power potential (VBL), which are supplied to an 
inverter of the buffer is increased when the light emitting element high power potential 
10 (ANODE) rises. 

[0085] 

In this embodiment, on the other hand, the buffer low power potential (VBL) 
rises by following the rise of the light emitting element high power potential (ANODE), 
thereby a potential difference between the high power potential (VBH) and the low 
15 power potential (VBL) is decreased as compared to the comparison example as shown 
in FIG. 6. 

[0086] 

It is found in FIG. 7 that a current value is in proportion to the light emitting 
element high power potential (ANODE) in the case where the buffer low power 
20 potential (VBL) is fixed in the display device of the comparison example, and that the 
current value is increased as the light emitting element high power potential (ANODE) 
rises. 

[0087] 

In this embodiment, on the other hand, the current value is not in proportion to 
25 the rise of the light emitting element high power potential (ANODE). In the case 
where the light emitting element high power potential (ANODE) is 7 V or higher, the 
current value is about 5.6 niA when the buffer low power potential (VBL) is 3 V, about 
7 rnA when the buffer low power potential is 4 V, and about 9 rnA when the buffer low 
power potential is 5 V, and thus the current values can be seen to be almost constant. 
30 [0088] 
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That is, in accordance with this embodiment, rise in power consumption can be 
suppressed even when the light emitting element high power potential (ANODE) rises 
depending on a change over time and a temperature. Further, heat generation of the 
source signal line circuit can be suppressed. 
5 [0089] 

A temperature of a source signal line driver circuit and luminance of a pixel 
portion of a light emitting device are measured after one hour of driving in order to 
further check the effects of this embodiment. FIGS. 8A and 8B show temperatures of 
the source signal line of this embodiment and the comparison example respectively. 

10 FIGS.8C and 8D show luminance of the light emitting element of this embodiment and 
the comparison example respectively. The light emitting device of this embodiment is 
driven by fixing the light emitting element high power potential (ANODE) at 10 V and 
the high power potential (VI) at 4 V respectively. The light emitting device of the 
comparison example is measured by fixing the light emitting element high power 

15 potential (ANODE) at 10 V. 
[0090] 

As shown in FIGS. 8A and 8B, the temperature of the source signal line driver 
circuit is lower in the light emitting device of this embodiment than the comparison 
example. This embodiment of (A) has an average temperature lower than the 

20 comparison example (B) by about 5°C. The deterioration in luminance caused by an 
environment temperature is affected by the change of 2 to 3°C, therefore, the fall of 5°C 
of this invention is considered a large effect. That is, heat generation is suppressed and 
variations in luminance caused by the generated heat can be suppressed by this 
embodiment. 

25 [0091] 

In the embodiment shown in FIG. 8C, heat generation of the source signal line 
driver circuit is suppressed, therefore, luminance is almost equal in the periphery of the 
source signal line driver circuit and the periphery of the center of the pixel portion. 
However, in FIG. 8D, the luminance of a portion on the source signal line driver circuit 

30 side is increased by the generated heat of the source signal line driver circuit, and thus 
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variations in luminance are caused. That is, variations in luminance of the pixel 
portion caused by the generated heat are suppressed by this embodiment. 
[0092] 

In this embodiment, an effect of the circuit of Embodiment Mode 1 is verified. 
5 It is easily estimated by the aforementioned experiment results that a similar effect can 
be obtained by the circuit of Embodiment Mode 2. 

This application is based on Japanese Patent Application serial no. 
2004-339684 filed in Japan Patent Office on 24th, November, 2004, the entire contents 
10 of which are hereby incorporated by reference. 



